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TABLE 3.-Matimum free-air wind velocities, (m. p .  s.), for different sections of the United States, based on pilot-balloon observations during 
May 1942 

Northeast ._.._. 
East-Central 
&butbeast 1 _____.__ 
North-Central d--- .  
Central 8 ___._..____ 
Bouth-Central e---- 

42.4 
28.1 
27.6 
39.6 
43.0 
32.9 

W ____._ 
SSW _ _ _ _  
SSW _ _ _ _  
SW. _ _ _ _  
SW _ _ _ _ _  
SW _ _ _ _ _  

Between 2,500 and 6,000 meters (m. s. 1.) II . .  
Surface to 2,500 meters (m. s. 1.) 

1,880 3 Akron, Ohlo _.______ 41.2 W _ _ _ _ _ _  4 780 6 Boston Mass _ _ _ _ _ _ -  61.6 
980 7 Hatterm, N. C ___._. 32.2 W _ _ _ _ _ _  4360 7 Knoxdlle Tenn _ _ _ _  54.0 

2,wO 3 Birmingham Ala--. 29.5 SSW _ _ _ _  2,830 3 Birmlnghb,  Ala.-. 40.0 
1 OOO 2 Detroit, Mi& _ _ _ _ _ _ _  35.0 WNW.. 4,960 6 Alpena, Mich .._____ 58.0 
1'530 11 St. Louis, Mo ._____. 42.0 SW _ _ _ _ _  3 090 13 Des Molnes, Iowa ... 40.0 
io90 16 Amarillo, Tex ._____. 34.0 SW ____. 3:980 13 Oklahoma City. 63.6 

1-1-1 11-1- 1-1-1 II- 

Northwest 1 ___.___ 
West-Central E.---- 
Southwest 8 ____.__. 

27.6 
44.9 
41.0 

ESE _ _ _ _  1,380 10 Hame, Mont. _ _ _ _ _ _  
NW _ _ _ _  2,080 13 Cheyenne, Wyo _ _ _ _ _  
SSW --.. 2,280 30 Roswell, N. Mex _ _ _ _  I l l  

1 Maine Vermont New Hampshire Massachusetts, Rhode Island, Connecticut, New 

2 Dhaware, Mdyland, Virginia, West Virginia, Southern Ohio, Kentucky, Eastern 
York Ne& Jersey Pennsylvania andNorthern Ohio. 

Tennessee and Northern Carolina. - .~~ 
8 8ouch Carolinabeorgia FLorFda and Alabama. 
4 Michigan. WisAonsin, dinnesota, North Dakota and South Dakota. 
I Indiana, Illinois, Iowa, Nebraska, Kansas and Ml~souri. 

RIVER STAGES AND FLOODS 

By BENNETT SWENSON 

Devastating floods occurred in several tributaries of the 
Delaware and Susquehanna Rivers on May 22-23. 
Among the streams most seriously affected were the Lacka- 
waxen, Lackawanna, Lehigh, and Schuylkill Rivers. 
Thirty-thee lives were lost in Pennsylvania, due directly 
or indirectly to the floods, and property damage caused by 
the floodwaters has been estimated a t  $13,000,000. 

At the same time, excessive floodingoccurred in headwater 
areas along a narrow fringe extending from the Delaware 
River Basin southwestward to western North Carolina. 

In addition to high water and flooding in the Missouri, 
Arkansas, Red, and Trinity Rivers, continuing from April, 
numerous local floods occurred in various areas, severe 
in some cases, in the upper Mississippi Basin, and in the 
Dakotas and Montana. 

The flow in the upper Rio Grande continued high and 
storage in New Mexico was the highest of record. 

Atlantic Slope drainage.-Floods occurred during the 
month in most streams from the Delaware River Basin, 
southward to South Carolina. Especially damaging were 

Above 6,000 meters (m. 8.1.) - 

8 Mississippi, Arkansas, Louidtana, Oklahoma, Tmas (except El Paso), and Western 
7 Montana Idaho Washin nand  Ore on. 
6 Wpomini Colo;ado Ut.sf?Northern kevada and Northern California. 
Q Southern 'callfomia; Sout6em Nevada, Arizona, New Marieo, and extrame West 

T e n n e e .  

Texas. 

the floods of May 22-23 in tributaries of the Delaware and 
Susquehanna Rivers in eastern Pennsylvania and adjacent 
portions of New York and New Jersey. The Lackawaxen, 
Lehigh, and Schuylkill Rivers of the Delaware Basin, and 
the Lackawanna River draining into the Susquehanna 
River were the streams most seriously affected. 

In the Lackawaxen River a t  Hawley, Pa., the crest was 
the highest ever known; in the Lehigh River at  Bethlehem, 
Pa., the second highest of some 150 yearsof record occurred; 
in the Schuylkill River a t  Reading, Pa., the third highest 
stage of record since 1757 was reached; and in the Lacka- 
wanna River a stage of 2.6 feet above the high stage of 
March 1936 occurred at Scranton, Pa. 

The greatest devastation occurred in the Lackawaxen 
River Basin. Of the 33 deaths in Pennsylvania, attrib- 
uted directly or indirectly to the floods, 24 persons are 
known to have drowned or are still missing in this basin. 
Of the estimated $13,000,000 damage caused by the flood- 
waters, 45 percent has been fixed for the Lackawaxen Basin. 
Five deaths and 45 percent of the damage occurred in the 
Schuylkii and Lehigh River Basins. 

The weather preceding the floods was characterized by 
frequent rains over most of this area, during the first 3 
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weeks of May, with a period of heavy rains on the 16th- 
17th. Beginning on the 19th, successive heavy showers 
continued until the early mornin of the 23d, the greatest 

midnight of the 22d. 
The following meteorological analysis of the heavy 

precipitation of May 19-23 was prepared by the Weather 
Bureau Office, Harrisburg, Pa.: 

The weather over the Susquehanna and Delaware River Basins 
during May 1942 was characterized by numerous periods of copious 
rainfall. These heavy rains developed from recurring clashes 
between warm moist currents of air advancing from the West Gulf 
Region into the Upper Ohio Basin and deep colder air currents ad- 
vancing southeastward from Montana and the Dakotas. The 
circulations of these two radically different currents created a tend- 
ency for a cold cyclonic circulation aloft over the Lower Lake 
Region and the Middle Atlantic States. This contrast was fre- 
quently intensified by the presence of a second current of warm 
moist air advancing up the Atlantic Coast to the vicinity of the 
Chesapeake Bay Region. Thus was created a sufficient supply of 
moisture over eastern Pennsylvania and adjacent areas from 
which nature could produce heavy precipitation. On one or two 
occasions, the circulation was SO complete that the normally dry 
air coming into Pennsylvania from the north and northwest was 
practically saturated although, moderately cool. 

The rainfall period of the 19th to the 23d with very heavy rain 
recorded over the watersheds began with a moderately strong high 
pressure system becoming stationary over the Atlantic adjacent to 
the New England and New Jersey coasts. This prevented a weak 
frontal system, moving slowly eastward north of the Lakes, from 
passing across Pennsylvania normally. Another high pressure 
system developed over the Mississippi Valley and Western Lakes 
Region. During this time the Atlantic High continued a slow steady 
circulation of moist air in from the southeast, while warm moist 
air from the Gulf moved northward through the quasi-stationary 
frontal zone. The Mississippi Valley high pressure circulation con- 
tinued slowly and steadily to bring in much colder air from the 
northwest in the surface layers, while aloft over Central United 
States the presence of cold air resulted in the formation of a cold 
cyclonic circulation of dry air. The momentum of this cyclonic 
eddy as i t  moved eastward helped to deepen and accelerate the 
northward flow of warm moist air from the Atlantic. The area of 
maximum convergence in the moist current over the western portion 
of the Delaware drainage area was also the area in which the initial 
orographic lifting of the warm moist current began. While earlier 
periods of rain were coincident with surges along the nearly station- 
ary frontal system that persisted over Pennsylvania for approxi. 
mately 5 days, the very heavy rains of May 22-23 occurred as a 
wave on the quasi-stationary front deepened and moved rapidly 
northward beyond Lake Ontario. 

The contrast between the inherent qualities of the air masses on 
either side of the quasi-stationary front appeared remarkably 
strong on the midnight map of May 21-22. The Washington radio- 
sonde showed a moisture content of 13.6 g./kg. at the surface, 13 g./kg. 
at 915 mbs.. (3,000 f t .  m. s. I.), and 8 g./kg. at 700 mbs. (8,500 f t .  
m. 8. l.), while just under the level of freezing temperature (32O F.) 
on the sounding (near 12,000 ft.) the relative humidity wm still 
high-94 percent with moisture content of 6 g./kg. This moist 
air was being slowly compressed against the eastern slopes of the 
Appalachians and being forced to ascend over the colder air which, 
in the lower levels, had a maximum saturation of 6-7 g./kg. As the 
moist air waa conditionally unstable slight orographic lifting was 
required to set off  heavy rain showers in northeastern Pennsvlvania, 
southern New York and northwestern New Jersey. Extreme 
southeastern Pennsylvania and southern New Jersey received 
extremely light amounts of rain, although the same moist air current 
first moved over this area. Disastrous flash-floods in Delaware and 
Sullivan Counties of New York State and in eastern Pennsylvania 
reached their peak on the 23d due to excessive rainfall on the night 
of the 22d-23d. 

The damage caused by the floods of May 22-23 in the 
Delaware River Basin (exclusive of the Schuylkill) is 
evaluated at approximately $11,500,000. This figure 
includes a11 tangible losses, such as destruction of property 
(both residential and industrial), agriculture, highway and 
railroad damage. Intangible losses, such as loss of wages 
of employees, are not included. About one-half of the 
damage is estimated to have occurred along the Lacka- 
waxen River, over 40 percent along the Lehjgh River, 
and the remainder elsewhere. In the Lackawaxen Basin 

intensity occurring generally E etween afternoon and 

alone, 24 lives were lost, of which 12 deaths occurred a t  
Honesdale, Pa., and 9 deaths at Hawley, Pa. One death 
was reported at  Allentown, Pa., in the Lehigh River Basin 
a6 the result of the flood. 

The following is quoted from a letter received at  the 
Weather Bureau O5ce, Trenton, N. J., from Mrs. Della 
PenneU, river observer at  Hawley, Pa., relative to the 
flood a t  that place (times given are Eastern War Time): 

I, among others at Hawley, am s a e r i n  from nervous strain due 
to  that disastrous tlood, the worst in thetistory of our town, that 
came so suddenly in the night of May 22-23. The waters began to 
recede about the middle of forenoon on the 23d. The highest river 
stage reading I got was 5.89 feet at 8 a. m. on the 22d. I took second 
reading at 1:15 p. m. and found the river had fallen to 5.69 feet, 
and as rain was light the remainder of the day, a flood did not seem 
imminent. It began to rain harder by showers at 5:30 p. m. con- 
tinuing heavier and heavier when at about 10 p. m., volumes of 
water came down, never heard anything like it. Thunder and light- 
ning accompanied theshowers whichcontinued until 3 a. in. the follow- 
ing day, when to our consternation, we found that we, on the east 
side, were cut off from all communications with the west side, or 
main part of town, and all other places. The bridge at the eddy 
where the gage was, had been swept away about 4 a. m. on the 23d 
soon after the other bridge over the Lackawaxen farther up stream 
went down. Buildings were carried away. Nine of our citizens were 
drowned, who went to their doom in their homes. I am sorry that 
at that most critical time I was unable to submit any information 
to you, with gage gone, no telegraph or telephone and not even mail 
service until following Tuesday (26th). The heavy rain was con- 
sidered due to a cloud burst that was quite widespread. Much of 
Hawley, especially on low lands represents a shamble; loss to town is 
estimated to be one-half million dollars. The greatest volume of 
water fell between the hours of 10 p. m. May 22 and 3 a. m. of the 
23d. Living on high ground, I was in no danger from flood at any 
time. 

Losses in the Schuylkill River Basin have been esti- 
mated a t  over a million dollars and four lives were lost. 
From the survey that was made to deternine the losses, 
most of the damage occurred at  Reading, Pa. At that 
place a crest stage of 22 feet was reached between 7:30 
and 9:30 a. m., E. S. T., of the 23d. In August 1933, a 
stage of 22.7 feet occurred. 

Rain that fell over the Schuylkill River watershed on 
May 16-17 had thoroughly soaked the soil and all streams 
were running a t  high stages on the morning of the 21st. 
Scattered showers and thunderstorms occurred over 
portions of the watershed during the 21st and the fore- 
noon of the 22d. In the afternoon and evening of the 22d, 
unusually heavy thundershowers again occurred over the 
basin above Reading. The rain ceased generally by mid- 
night of the 22d-23d. 

Rainfall amounts measured during the periods May 
16-17 and 21-23 are as follows (the figures represent the 
7 a. m. to 7 a. m., E. S. T., accumulated 24-hour amount of 
Map 16-17 and the 72-hour amount of May 20-23, respec- 
tively) : Myerstown, Pa., 2.07 and4.37 inches ; Pott'sville, Pa., 
2.86 nnd 5.60 inches; Tamaqua, Pa., 3.20 and 6.97 inches; 
Rending, Pa., 2.04 and 5.81 inches; Port Clinton, Pa., 
2.90 and 6.69 inches; and Sellersville, Pa., 1.50 and 0.58 
inches. 

Of considerable importance is the fact that while heavy 
rains occurred in the Schuylkill Basin above Reading, 
the rains were very light in Perkiomen Creek which drains 
into the Schuylkill below Reading. This is represented 
by the rainfall amounts for Sellersville, listed immediately 
above. Had heavy rains occurred there much higher 
stages would have been reached in Philadelphia, which, as 
it was, escaped serious damage. 

In  the main Delaware River, the flooding was relat'ively 
light. except a t  Easton, Pa., where the Lehi h River 

Easton a stage of 28 feet, 6 feet above flood stage, was 
reached on May 24. A crest of 11.24 feet occurred at 

empties into the Delaware, and immediately be K ow. At 
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Previous maximum 
Period 

record Date I :flyt River and station of 
May 1942 
gage 

he'ght 

Delaware River Basin: 
Lack8waxen River: 

HaWleY, P n . l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  lsoB 

Lehighton. Pa ____________________------. 1934 

Reading. Pa .____________________________ 1757 
Pottstown. Pn. l__________________________ 1802 

Bcranton, Pa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1936 

Lehigh River: 

Bchuylhill River: 

Busquehanna River Basin: 
Lackawanna River: 

Feet Feet 
1936 13.9 20.13 

1936 13.1 16.6 

1850 23.2 22.0 
1802 21.0 20.16 

1936 0.0 11.6 

W. Va., and in the Shenandoah River above Riverton, Va. 
Maximum amounts reported were over 6 inches at  Monte- 
bello and Balcony Falls, Va., in the James Basin and 4.5 
inches at  Monterey, Va., in the Potomac Basin. 

Showers occurred again on the 20th followed by heavy 
rains late on that day and continuing until the morning of 
the 22d, most of the rain occurring during the last 24 hours. 
The distribution of the rains on May 21-22 duplicated 
that of the storm of May 15-16 to a great extent. Gener- 
ally in the second storm the amounts were somewhat less 
over the James Basin than in the first storm while in the 
Potomac Basin, the reverse was true exce t in the North 

was relatively light. 
While no appreciable flooding resulted in the Potomac 

Basin from the first storm, the second storm produced the 
highest general rise in that basin since 1937. Losses were 
confined generally to the headwater areas and consisted 
principal1 of damage to prospective crops, land, fences, 

than $145,000 from incomplete reports. The crest 
reached Washington, D. C., on the afternoon of May 24 
with a stage of 13.2 feet (flood stage 10 feet) at the L i t e r  
gage above the city and 6.0 feet on the gage at  the foot of 
Wisconsin Avenue (flood stage 7 feet). 

In  the James River Basin, general. flooding occurred 
from both storms, the former rise being greater in the 
upper reaches while the latter rise att,ained greater heights 
in the lower reaches. The river crested a t  Richmond, Va., 
a t  9.8 feet on May 18-19 and a t  12.4 on May 24-25 (flood 
stage 8 feet). The losses in the James River floods totaled 
over $1 6,000, about equally divided between the two floods 
and in both cases generally confined to the upper reaches. 

Light to moderate overflows occui-red in the Roanoke, 
Neuse, Peedee, and Santee River Basins from moderate to 
heavy rains on May 20-22. No damage of consequence 
was reported except in the Roanoke River, where a loss of 
$13,500, mostly to prospective crops, occurred. 

East Wf of Mexico drainage.-The only flooding in the 
drainage took place in the Pearl River. The flooding, 
which was light, resulted from showers from the 12th to 
the 15th. The rainfall amounts varied from 2 tomore than 
8 inches during the storm period. Flood stage was 
exceeded at  Monticello, Miss., by 0.4 foot and at  Pearl 
River, La., by 1.8 foot. 

Upper Mississippi Basin.-Thundershowers with ex- 
cessive rainfall were quite general in the extreme upper 
Mississippi Valley and tributary streams from May 25 
and extending to June 1. The area of heaviest precipita- 
tion was in the Chippewa and upper Wisconsin River 
Basins and in the section of the main Mississippi channel 
from St. Paul-Minneapolis to Lake Pepin. Light to 
moderate flooding occurred in the Chippewa, Wisconsin, 
Zumbro and Whitewater Rivers. The flooding continued 
into June and a detailed account of the flooding can not be 
given a t  this time. 

Slight overflows occurred in the Des Moines River from 
the vicinity of Tracy, to Eddyville, Iowa, on May 13-14 
and in the Meramec River Basin in Missouri, but there 
was no damage of consequence. 

Missouri River Basin.-Scattered local floods occurred 
in small streams in Montana and the Dakotas. On May 
13, severe flooding in the South Fork of McDonald Creek 
caused damage estimated at  $12,000. The flood resulted 
from heavy rain on the snow-laden eastern slope of the 
Big Snowy Mountains. On May 24, overflows of small 
creeks near Rothiemay, Mont., caused by a heavy 
thundershower, resulted in damage amounting to $4,000. 

Branch of the Potomac where the rainfa 9 of May 21-22 

roads an c9 bridges, with an eshmated total loss of more 
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During the latter part of the month some flooding occurred 
in the Sun and Missouri River Valle s near Great Falls, 
Mont. In South Dakota, a flash flooJin Horsehead Creek 
near Oelrichs, killed five people and damaged railroad 
tracks. 

Heavy rains in southeastern South Dakota from May 
12-14, produced exceptionally high stages in the James 
and Big Sioux Rivers. In some cases the highest stages 
of record were reached or exceeded. The stages remained 
above flood stage for several days. 

Floods occurred in the upper Solomon River at  Beloit, 
Kans., and in the upper reaches of the Big Blue and Little 
Blue Rivers. The overflow in the Solomon River was 
slight and of short duration; the crest at Beloit was 3 
feet above b d f u l  on the 4th. In the Little Blue River 
the flooding was also light and confined to Nebraska areas. 
The crest of Beatrice, Nebr., on the Big Blue River was 
1.6 feet above bankful on the 11th; at Barnston, Nebr., 
6.2 feet above bankful on the 12th; and a t  Blue Rapids, 
Kms., 5.5 feet above bankful a t  midnight of the 12th-13th. 
Below the confluence of the Big and Little Blue Rivers the 
overflow was slight. 

Damage from the flooding in the Blue River Basin in 
Kansas and Nebraska was estimated at  $43,000, most of 
which occurred in Gage County, Nebr., and in Marshall 
County, Kans., along the Big Blue River. Lower sections 
of Marysville, Kans., and Beatrice, Nebr., were flooded, 
the latter largely by creeks in flash floods, with con- 
siderable damage to city property, which is included in 
the above estimate. 

The Grand River in Missouri was in light flood on two 
occasions during the month, on the 6th to the 8th and again 
from the 11 th to the 29th. 

On May 5, a flash flood induced by excessive precipita- 
tion in extreme northwestern Missouri caused slight 
property loss and moderate crop damage along the Tarkio 
River. 

The Nemaha River in Richardson County, Nebr., was 
out of its banks on May 11-15. Severe damage was 
inflicted on highways, bridges and buildings with moderate 
crop damage. 

Excessive rain which fell over the upper Salt Creek 
Basin in southern Lancaster County during the night of 
May 10-11, ceiised flood conditions in small streams and 
considerable damage between DeWitt and Lincoln, Nebr., 
and in parts of the City of Lincoln where one man was 
drowned and property damage was severe. Light damage 
was reported a t  a few places along Salt Creek between 
Lincoln and Asldand, Nebr. 

The Missouri River a t  Nebraska City, Nebr., left its 
banks on May 6 and remained above flood stage until 
May 26. The flood, which was augmented by excessive 
precipitation in eastern Nebraska on May 11-12, crested 
a t  18.43 feet on May 21, the highest stage of record a t  that 
point. Extensive flooding, especially in Fremont and 
Mills County, Iowa, occurred with severe loss to prospec- 
tive crops. 

In  the extreme lower Missouri River, light to moderate 
flooding prevailed in the entire reach from Lexington, 
Mo., to its mouth. 

Ohw River Basin.-Heavy rains occurred in the upper 
basin of the French Broad River on the morning of May 
20 and continuing as light to moderate to light rain on 
May 21, caused the river to overflow until May 23. Al- 

though the average rainfall over the entire basin was not 
excessive, over 8 inches of rain occurred in the watersheds 
of the upper basin. The crest stage exceeded flood stage 
by almost 4 feet in the central portion of the basin and 
slightly less in the lower portion. 

The greatest damage was inflicted in Henderson County, 
in the upper basin, where the heavy rain together with the 
overflow caused losses to crops, roads, bridges, cattle, and 
soil. Very little damage was reported in the middle 
basin, and none a t  all in the lower portion. 

White-Arkansas-Red Basins.-Widespread floods in 
these basins during April, referred to in the April issue of 
the REVIEW, continued into May. As full information has 
not yet been assembled, the report on these floods will be 
made in the next issue of the REVIEW. 

West Gulf of Mexico drainage.-The unusually high flood 
in the Trinity River during April continued into May. 
Further rains in May produced additional crests in the 
upper reaches but they were not as high as those in April. 
In the lower reaches the main crest was reached during 
May. A full report of these floods will be given in the 
next issue of the Review. 

Precipitation over the watershed of the Rio Grande in 
New Mexico was the greatest of record for April, and a 
heavy flow into Elephant Butte Lake took place. Al- 
though high stages continued during both April and May, 
no serious peaks occurred. One rise occurred in the river 
above Elephant Butte Lake on April 23, and there were 
several minor levee breaks, but no appreciable damage 
occurred. There were two more peaks in May but as in 
April they passed without any serious damage. At the 

of June, there was more stored water in New 
beghi? Mexico t an ever before. 

On April 13, water was allowed to pass through the 
spillway gates of Elephant Butte Dam. The amount re- 
leased was increased irregularly until May 16. The river 
channel downstream was able to accommodate the heavy 
flow until the water reached the Candelaria-Presidio 
irrigation district, a narrow stretch extending along the 
river for about 40 miles. The highest stage in this reach 
occurred about May 27 and the flood continued after the 
end of May. About 3,500 acres of farm land were flooded 
on the American side of the river. 

In the lower Rio Grande, flood stage was exceeded by 
.7 foot a t  Mercedes, Tex., on May 22-23. 

Gulf of Cali ornia drainage.-Run-off from meltin snow 

River during April and May. Two crests in April and 
two in May, at  or above flood stage, were reached in the 
Gunnison River a t  Delta, Colo. The highest crest, 11.4 
feet, occurred OD May 27. The Colorado River, a t  Grand 
Junction, reached flood stage (11 feet) on May 27-28. 
Damage from the high water was slight. 

PaciJc Slope drainage.-Kings River was above flood 
stage at  Piedra, Calif., on May 22-26 as a result of the 
first warm spell. No damage occurred as a maximum 
amount of water was used for irrigation purposes with the 
excess amounts going into Tulare Lake Basin. 

The Columbia River reached a stage of 16.4 feet (flood 
stage 15 feet) a t  Vancouver, Wash., on May 30. No 
damage occurred. 

NoTE.-A tabulation of flood losses and savings for 
May will be given in the next issue of the REVIEW, as 
estimates are to a great extent incomplete a t  this writing. 

produced hig f stages in the Gunnison and upper Co 7 orado 


